Objective: To describe the trends in tumor histology, gender and age among patients with non-small cell lung cancer (NSCLC) treated with lung resection. The histology of lung cancer has changed in developed countries, and there is still little information available on the topic for developing countries. Methods: This was a retrospective study of 1,030 patients with NSCLC treated with lung resection between 1986 and 2015 at a university hospital in southern Brazil. Differences in histology, stage, and type of surgery were analyzed by gender and for three periods (1986-1995, 1996-2005, and 2006-2015). Results: Most (64.5%) of the patients were males, and the main histological types were squamous cell carcinoma (in 40.6%) and adenocarcinoma (in 44.5%). The mean age at surgery during the first period was 56.4 years for women and 58.9 years for men, compared with 62.2 for women and 64.6 for men in the third period (p < 0.001). The proportion of females increased from 26.6% in the first period to 44.1% in the third. From the first to the third period, the proportion of patients with squamous cell carcinoma decreased from 49.6% to 34.8% overall (p < 0.001), decreasing to an even greater degree (from 38.9% to 23.2%) among men. Among the NSCLC patients in our sample, females with adenocarcinoma accounted for 11.9% in the first period and 24.0% in the third period (p < 0.001). Conclusions: As has been seen in developed countries, the rates of lung cancer in females in southern Brazil have been rising over the last three decades, although they have yet to surpass those observed for males in the region. The incidence of squamous cell carcinoma has decreased in males, approaching adenocarcinoma rates, whereas adenocarcinoma has significantly increased among women.
INTRODUCTION
Non-communicable diseases (NCDs) are responsible for more than 67% of deaths worldwide. (1) In Brazil, cancer represents the second leading cause of NCD-related deaths and lung cancer is the leading cause of cancer-related deaths, (2) despite strong anti-smoking policies that reduced the smoking rate by half from 1989 to 2008. (3) According to the World Health Organization, 1.6 million deaths per year are attributable to lung cancer. (4) It is one of the few cancers with a well-known cause-smoking. (1, (3) (4) (5) (6) The great efforts to reduce smoking and to introduce the use of cigarette filters have changed the epidemiology of lung cancer in developed countries, with an increase in the incidence of adenocarcinoma and a decrease in that of squamous cell carcinoma, as seen in the United States, Europe, and Asia. (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) The rising number of women with lung cancer is also notable, as are the changes in their histological profile. (7) Changes in the histological profile of lung cancer in Latin American countries have been poorly described in the literature. (19) Little information regarding lung cancer histology, gender difference, and trends is available for the population of Brazil. This paper aims to describe and improve understanding of the epidemiology of lung cancer, including histology, gender distribution, patient age, and stage of the disease, in southern Brazil over the last 30 years.
METHODS
From records on file in the prospective surgery database of the Thoracic Surgery Division of the Hospital São Lucas, in the city of Porto Alegre, Brazil, we selected all patients with primary non-small cell lung cancer who were treated with anatomical resection between 1986 and 2015. We reviewed the pathology reports and charts of 1,062 patients. Thirty-two records were excluded because of missing data related to patient gender, patient age at surgery, type of resection, histology, and staging classification. Therefore, the final sample comprised 1,030 patients. Information about smoking was available in less than 37% of the charts, and that variable was therefore disregarded. All histological diagnoses were made by the same pathology group, and all staging was updated according to the 7th edition of the International Association for the Study of Lung Cancer classification system. (20) (21) (22) Patients with different clinical characteristics (in terms of histology, stage, and type of surgery) were analyzed by gender and for three different periods (1986-1995, 1996-2005, and 2006-2015) . Proportions were compared by Pearson's chi-square test or Fisher's exact test. Two-way ANOVA was used in order to compare the mean age of the patients by gender and period. Means were compared by using adjusted least squares means and the Tukey-Kramer test. All analyses were performed using the Statistical Analysis System software, version 9.4 (SAS Institute, Cary, NC, USA), and the level of significance was set at 5%.
The study was approved by the Research Ethics Committee of the Hospital São Lucas of the Pontifícia Universidade Católica do Rio Grande do Sul. Because of the retrospective nature of the study, the requirement for consent was waived.
RESULTS
A total of 1,062 patients underwent lung resection for primary lung cancer at the Hospital São Lucas in the last 30 years, and 1,030 met the criteria for inclusion in this analysis. Of those 1,030 patients, 665 (64.5%) were male. The overall mean age at surgery was 62.8 years for the men and 60.8 years for the women. Table 1 shows the clinical characteristics of the patients, overall and by gender. Overall, the predominant histological type was adenocarcinoma (44.5%), followed by squamous cell carcinoma (40.6%). The histological types differed by gender (p < 0.001), squamous cell carcinoma being more common in men than in women (with a prevalence of 46.9% and 29.0%, respectively), whereas the opposite was found for adenocarcinoma (which had a prevalence of 40.4% and 51.8% among men and women, respectively). Differences between genders were also observed for the degree of tumor invasion (p < 0.001), lymph node classification (p < 0.023), and staging (p < 0.001), suggesting that the disease was more advanced in the men than in the women (Table 1 ).
According to two-way ANOVA, there was no evidence of an interaction between gender and period, suggesting that the mean age did not differ between men and women in any of the three periods studied ( Figure 1 ). However, regardless of the period, the adjusted least squares mean ages at surgery were 62.4 and 59.7 years for men and women, respectively, approximately As can be seen in Table 2 , there were significant differences among the three periods in terms of the histological type (p < 0.001), especially for squamous cell carcinoma, the prevalence of which declined from 49.6% in the 1986-1995 period to 43.0% in the 1996-2005 period and to 34.8% in the 2006-2015 period. However, in those same periods, the prevalence of adenocarcinoma increased from 38.1% to 41.2% and 49.5%, respectively. The most common type of surgery was lobectomy, which was performed in 72.5% of cases in the first period, compared with 83.6% in the third period (p < 0.001). The proportion of cases in which pneumonectomy was performed trended down, from 19.7% in the first period to 9.7% in the third period, as did that in which bilobectomy was performed, from 7.8% in the first period to 4.1% in the third period. There was also a significant difference among the periods in terms of the staging (p < 0.001), with an increase in the proportion of cases classified as stage I.
The distribution of histological types was determined by gender and period (Figure 2 ). In the 2006-2015 period, squamous cell carcinoma and adenocarcinoma were the main histological types among men, whereas adenocarcinoma was the predominant histological type among women. Overall, the prevalence of adenocarcinoma increased from 38.1% to 41.2% and 49.5% in the 1986-1995 period, 1996-2005 period, and 2006-2015 period, whereas that of squamous cell carcinoma decreased from 49.6% to 43.0% and 34.8%, respectively. Overall, squamous cell carcinoma was the most common histological type among men, although its prevalence declined from 38.9% in the 1986-1995 period to 23.2% in the 2006-2015 period, being equal to that of adenocarcinoma in the latter. Although the proportion of women with lung cancer was lower than was that of men with lung cancer in all three periods, the prevalence of adenocarcinoma among women seems to be increasing over time. Other histological types were less common in both genders and did not show an apparent trend over the study period.
DISCUSSION
In southern Brazil, the characteristics of lung cancer have changed over the past 30 years. The increase in the mean age at surgery could be indicative of the aging of the lung cancer patient population, not only at diagnosis but also eligible patients for surgical treatment. Other chronic diseases are now better controlled, leading to an increase in life expectancy and allowing enough time for lung cancer to develop. When compared with that reported for developed nations, the mean patient age at surgery was rather low in the present study, even if we consider only the most recent period, when the mean age was 62. 
As has been seen in developed countries, (9, 13, 24) our data indicate that the rates of lung cancer in females have risen over the last three decades but have yet to surpass those observed for males. That could be related to the fact that, in historical terms, women took up the practice of smoking later than did men, as well as being related to the latency period. Women started smoking in the 1950s and 1960s, which was also when filters began to be added to cigarettes because of the link found between lung cancer and smoking. During that same period, the tar content was also a concern and the tobacco industry was forced to reduce the levels of tar in cigarettes. Those factors could explain the higher incidence of adenocarcinoma in women.
The observed increase in the incidence of adenocarcinoma and decrease in that of the squamous cell subtype are in accordance with findings reported for developed countries, such as the United States, Japan, and western European countries. (9, 13, 24) In contrast, a study performed in northern India showed no changes in the histology of lung cancer over the past three decades. (25) The diagnosis of adenocarcinoma is currently extremely important, because it is more frequently associated with particular molecular abnormalities (epidermal growth factor receptor mutations and anaplastic lymphoma kinase fusions), and international guidelines recommend routine testing of adenocarcinoma patients. Current practice requires having the necessary information available in order to make the most appropriate therapeutic recommendation.
The significant decrease in pneumonectomy rates observed in the present study reflects changes in surgical management techniques and treatment indications. The decrease in the incidence of squamous cell carcinoma is directly related to a lower prevalence of central lesions requiring pneumonectomy. (23) In addition, the use of sleeve resection allows part of the lung to be spared.
The observed decrease in the incidence of squamous cell lung cancer in Brazil is believed to be attributable to the decline in the number of smokers since 1960, as well as to the increased availability of low-tar and filter-tipped cigarettes, as also occurred in developed countries. (8) That is probably due to the inability of filters to eliminate small particles and to the fact that the smoker tends to increase the time inhaling in order to compensate for the smaller amount of smoke passing through the filter. The immediate consequence is greater deposition of the smaller carcinogens in the periphery, the most common site for adenocarcinoma. (8, 9) The reported increase in the incidence of adenocarcinoma only among smokers supports that theory. In addition, one multicenter study demonstrated that smokers of filter-tipped cigarettes are at a lower risk of developing squamous cell carcinoma than are smokers of unfiltered cigarettes, although the risk for adenocarcinoma did not differ between the two groups. (13) It is well known that observational analyses based on clinical data have methodological limitations, (26) such as the lack of information regarding smoking status or other important clinical variables. Nevertheless, we believe that our findings are relevant. They provide a description of the histological profile of lung cancer in one state in southern Brazil, which has had a higher incidence of lung cancer over the last 30 years than has any other state in the country. Whether or not our results can be generalized to other states in Brazil is a subject for further research. One strength of our study is that all of the slides were analyzed by the same pathology group, according to the most recent staging classification system, and that the surgical team remained uniform throughout the study period.
In summary, there were significant changes in the epidemiology of lung cancer in southern Brazil over the past three decades. The incidence of lung cancer among women in the region has increased. Adenocarcinoma has become the most common histological type, especially among women, and the mean age of patients eligible for lung cancer resection has increased for both genders.
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